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Introduction
Stock assessment of pelagic species often relies on hydroacoustic techniques since indirect methods based on commercial fishery data present many shortcomings (reviewed in Fréon and Misund, 1999) . In turn, acoustic techniques are generally limited by an inability to distinguish between the echoes of co-occurring species. Incorrect partitioning of backscattered energy between species may be an important source of error in acoustic survey estimates of abundance, particularly in multispecies environments (Misund, 1997) . Traditionally, directed or periodic trawling has been conducted to determine the species composition in the surveyed region. This approach is biased, however, by differences in catchability between species, and by the lower spatial and temporal resolution afforded by trawls in comparison to acoustic techniques (Massé and Retière, 1995) .
Visual scrutiny of echograms can be employed to identify species, particularly in conjunction with trawl sampling, but this method is subjective, time-consuming, and may differ between operators. Objective identification of species directly from the acoustic data may therefore make an important contribution to the accuracy of acoustic abundance estimates. In the case of shoaling fishes, the ability to acoustically identify the species composition of shoals may also allow shoal-byshoal estimates of stock biomass (e.g. Marchal and Petitgas, 1993) , and permit detailed studies of shoal distribution and behaviour (e.g. Scalabrin and Massé, 1993) . Ultimately, acoustic species identification may be used by fishers to capture only shoals of target species in fisheries permitting limited by-catch, as in the South African pelagic fishery (Cochrane et al., 1998) .
Numerous approaches have been taken in addressing the problem of acoustic identification of species. In cases where single targets can be detected and lengthfrequency distributions differ between species, in situ measurements of target strength distributions can often be used to identify species or taxonomic groups (e.g. Barange et al., 1994) . In cases where species form shoals, or when their length distributions overlap, a common approach has sought to identify species via acoustically quantifiable differences in shoal features. After encouraging preliminary investigations into this latter approach (e.g. Souid, 1988; Vray et al., 1990) , advances in automated detection of fish shoals suggested that shoals can often be classified to at least species group quite successfully (e.g. Weill et al., 1993) . Reliable identification has been achieved where species differ in size and exhibit quite different forms of aggregation [cod, capelin, and mackerel (Rose and Leggett, 1988) ; zooplankton and horse mackerel (Barange, 1994) ], or where species assemblages are known to associate with particular bottom features (Richards et al., 1991) . However, attempts at species identification of similar pelagic schooling fishes, such as anchovy and sardine, have been successful only when examining data from confined temporal and spatial scales (Massé and Rouxel, 1991; Lu and Lee, 1995; Haralabous and Georgakarakos, 1996; Scalabrin et al., 1996) . Wideband, multifrequency, and multi-beam techniques have also shown much promise in species identification (e.g. Lebourges, 1990; Simmonds et al., 1996; Gerlotto et al., 1999) , however such systems are still experimental and expensive in comparison to narrowband echosounders employing one to three frequencies which are standard in routine acoustic assessment surveys.
The features of shoals extracted from acoustic data and used for identification of species have generally fallen into four categories: positional (e.g. distance to nearest neighbouring shoal), morphometric (e.g. shoal height, area), energetic (e.g. mean and variance of backscattered energy), and bathymetric (e.g. shoal depth) (Reid et al., 1998) . A further category may stem from the fact that measurements of shoal morphometric and energetic features vary with the processing threshold, since sub-threshold datapoints surrounding the shoal become excluded from analysis as the threshold increases. It is possible that density patterns at the edges of schools may differ between species, and that a comparison of measurements of school features made at different thresholds may thereby contribute to the ability to classify shoals. This may be particularly relevant in the case of densely shoaling pelagic fishes, where shoals often show pronounced vertical ''tails'' at low processing thresholds, as a result of multiple scattering (MacLennan and Simmonds, 1992) . Ancillary, nonacoustic information on factors external to the shoals themselves (e.g. environmental conditions, bottom depth, or geographic position) may contribute additional species-discriminating ability (as suggested by MacLennan and Holliday, 1996; Scalabrin et al., 1996) , although very little work to date has attempted to integrate such data with descriptors of shoal features.
Three common pelagic schooling fish species co-occur on the South African continental shelf: anchovy (Engraulis capensis), sardine (Sardinops sagax), and round herring (Etrumeus whiteheadi). Total annual catches of these species, in the period 1970-1999, have ranged from 190 000 to 670 000 t (Marine and Coastal Management, unpublished data). Since 1984, these resources have been monitored acoustically, and acoustic measurements of backscatter have been partitioned among species on the basis of mid-water trawl samples combined with visual scrutiny (Hampton, 1987) . Recent investigations in the region have indicated reasonable spatial and temporal stability in morphometric and energetic characteristics of sardine shoals, suggesting that acoustic identification of species may be feasible (Coetzee, 2000) .
In this study, we use acoustic descriptors of school morphometrics, energetic structure, and bathymetric position to test the hypothesis that acoustic information can be used to identify schools of anchovy, sardine, and round herring schools on the South African continental shelf. We also examine whether the classification of schools can be improved by including the ratios of measurements made at two different processing thresholds, or by incorporating ancillary information into analysis.
Materials and methods

Data source
Bi-annual (May and November) acoustic surveys of pelagic fish biomass are conducted on the South African continental shelf ( Figure 1 ) along random-stratified transects lying perpendicular to the shelf break and extending from the coast (20 m depth) to the shelf edge (>200 m depth). See Hampton (1987) and Barange et al. (1999) for survey details. Mid-water trawls performed at speeds of 4 knots are directed at acoustically-observed fish schools using an Engels 308 trawl with a codend lined by 8-mm anchovy mesh, a vertical mouth opening of 11 m, a horizontal opening of 15 m, and a Simrad FR500 netsonde system. Since 1997, these surveys have employed an EK500 split-beam echosounder (38 kHz, 7.1 nominal beam angle, pulse duration 1 ms, 7 kHz digital sampling rate, pulse rate 1 ping s 1 ), calibrated by the standard sphere method (Foote et al., 1987) .
The present study examined data from the November surveys in 1997, 1998, and 1999 . For testing whether schools can be acoustically identified to species, it is necessary to examine only those schools for which the true species composition is satisfactorily determined in advance. As such, only acoustic data recorded during trawling operations were used for our school analysis. This assumes that the morphology of the schools as observed while trawling at typical speeds of 3-4 knots is not significantly different from the morphology of the same schools as observed at a normal survey speed of 10 knots. Because the ship precedes the net by typically 200 m and school avoidance is primarily proportional to noise (possibly higher during trawling) and vessel speed (lower whilst trawling), the assumption seems justified.
The study attempted to identify schools dominated by one species, and did not consider fully mixed-species schools. Hence, only data corresponding to trawl catches where more than 80% of the trawl catch (by weight) was composed of one species, and where catch exceeded 2 kg, were considered. Note that of 59 trawls used in analysis, only 10 were less than 10 kg catch weight (median catch 72.7 kg). Since the species of interest disperse at night and form extended soundscattering layers or loose shoals (Barange and Hampton, 1997) , only daytime trawl echograms were analysed (0530-1730 h local time). For the purposes of this paper, the term ''school'' refers to an ''acoustic school'', as an ''acoustically unresolved, multiple fish aggregation'' (sensu Kieser et al., 1993) , and is not intended to differentiate between ''schools'' and ''shoals'', as defined by Pitcher and Parrish (1993) .
School detection and descriptor measurement
The schools module 1 of the SonarData Echoview software package was used to detect schools in acoustic data and make measurements of school descriptors. This module was derived from SHAPES (Shoal Analysis and Patch Estimation System), a software package developed to analyse shoals from acoustic records obtained with Simrad EK400 systems (Barange, 1994; Coetzee, 2000) . It considers acoustic data as a matrix of backscatter measurements or data points. Each datapoint of the matrix is limited vertically by the sampling frequency (25-75 cm, depending on depth range surveyed) and horizontally by vessel speed and ping rate (ca. 2 m at 4 knots and 1 ping s 1 ). Schools are detected by first identifying candidates: spatially and energetically contiguous groups of datapoints exceeding a user-defined processing threshold, and whose combined length and height exceed user-defined minima. In order to allow for 1 Developed in collaboration between SonarData Inc. and the Chief Directorate Marine and Coastal Management of the South African Department of Environmental Affairs and Tourism. Barange et al., 1999) , showing divisions between the West Coast, Western Agulhas Bank, and Eastern Agulhas Bank. Points indicate locations of trawls that provided information for the analysed schools.
discontinuities within the school [e.g. ''vacuoles''; Fréon et al. (1992) ], an ellipse of user-defined height and length is moved around the boundary of the candidate, and the latter is linked to any neighbouring candidate whose edge falls within the ellipse. To be considered a ''school'' by the software, the linked candidates must also meet minimum length and height criteria. The minimum school height was set at 3 m, and length at 15 m (uncorrected values, see below), although more recent analysis suggests that additional schools may be detected by decreasing the length threshold to 5 m. The linking ellipse was defined by 2 m height and 10 m length. Occasionally, the software detected extremely large, amorphous, and/or low-density assemblages of echoes, often surrounded by single echo traces. Such aggregations, which were not likely to be fish schools (more probably plankton, layers of scattered fish, or noise), were excluded from analyses. Schools located more than 100 m deeper than the trawled depths were also excluded, in order to ensure that demersal fish aggregations were not analysed.
Ten school descriptors were quantified, falling into three categories: energetic, morphometric, and bathymetric features. Descriptor definitions and calculations are given in Table 1 . Only morphometric measurements were corrected for beam width effects according to Diner (1998) , as energetic corrections are not yet satisfactory (N. Diner, pers. comm.). Diner's corrections perform optimally for schools of uncorrected length exceeding 1.5 beam widths at the depth of the school, and schools failing to meet this criterion were excluded from analysis (<4% of detected schools). All schools were analysed twice, by filtering the data matrix using 65 and 60 dB processing thresholds. The former represents the threshold used in South African pelagic stock biomass estimation, while the latter represents the threshold agreed upon by the ICES study group on echo trace classification (Diner, 1998) . The latter was selected to allow accurate analyses of school descriptors within a 30 dB range ( 30 dB to 60 dB) in order to avoid secondary beam detections in very high density schools. The ratios of descriptor measurements made at the 65 dB relative to 60 dB thresholds were then calculated (excluding school depth and altitude index). The ancillary variables of latitude, longitude, bottom depth, and sea surface temperature at each school's position were also recorded, and each school was classified according to the time of day at which it was detected, in categories of dawn (from sunrise until 3 h after sunrise), day (from 3 h after sunrise until 3 h before sunset), and dusk (from 3 hours before sunset until sunset). Schools were assigned to one of three broadly defined spatial regions: West Coast, Western Agulhas Bank, and Eastern Agulhas Bank (Figure 1) .
A total of 940 schools meeting our criteria (length >1.5 beam widths, catch >2 kg, etc.) were detected and analysed from the trawl acoustic data. Of these, 315 were anchovy schools, 151 were sardine and 474 round herring schools. However, of the many schools acoustically recorded during every trawling operation, only one to five were ever actually captured. Schools were therefore categorised according to the degree of certainty associated with the trawl's identification of species. In the 940 schools, only 214 were considered to be of ''known'' species composition, which we defined as those schools lying in the path of the trawl, as determined by trawl depth, opening, and start/end positions. Schools less than 10 m above the trawled depths were also classified as known, to allow for the possibility that fish may dive to avoid the oncoming net. A further 463 schools lying outside of the trawl's actual path, but within a vertical 20 m above or below the trawled depths, were assigned to the ''likely'' species composition certainty category. All remaining schools (n=263) were considered to be ''doubtful'', this included schools more than 20 m above or below the trawled depths (n=154), and schools that would otherwise have been ''likely'' or even ''known'', but were too small and/or of low density (n=109).
Statistical analysis
All descriptors (Table 1) , other than S V , altitude index, longitude, latitude, and sea surface temperature, were log-transformed to meet assumptions of normality. Principal components analysis [PCA; Anderson (1958) ; Lebart et al. (1995) ] of school features was performed to identify composite factors which could be more easily compared among school categories, species, survey years, and spatial areas, than each feature individually. A graphic scree-test was used to determine how many factors to extract, and varimax normalised rotation was applied. Discriminant function analysis [DFA; Cacoullos and Styan (1973) ], employing forward stepwise selection of variables, was used to determine the subset of variables that best discriminated between species. In the absence of additional survey data on which to test the discriminant functions, a random subset of 20% of the original data was excluded, the remaining 80% used to train the DFA, and the resultant functions tested on the removed 20% (ten sub-sampling iterations). Note that this sub-sampling was performed in only two instances (indicated in Results) and that all other DFA correct classification rates reported were achieved through tests on the same datasets as used to train the discriminant functions.
Results
PCA on all schools combined
In an analysis of all detected schools (i.e. known, likely, and doubtful combined), PCA extracted three component factors from the ten variables listed in Table 1 and their eight ratios (henceforth referred to as the ''initial'' variables) that together explained 64% of the initial variables'' variance. The first factor was highly correlated with energetic features of the schools, the second with the ratios between variables measured at the two different processing thresholds, and the third with morphometric features (Table 2 ). Plotting the median We assume the distance associated with the last ping in the shoal is equal to that of the penultimate ping. The 2D m tan( /2) term corrects for the effects of beam width (Diner, 1998) , where D m is the mean school depth (see below), and is the attack angle, defined as the angle between the transducer and the school edge, measured at the moment of first detection. is a function of the nominal beam angle and the difference between the mean shoal energetic density (S V ) and the processing threshold (see Diner, 1998, factor scores and inter-quartile ranges of schools by the level of certainty associated with their identification from the trawl catch indicated similar spread of known, likely, and doubtful schools over factors 2 and 3 ( Figure 2 ). Doubtful schools showed more strongly negative scores for factor 1 (i.e. low energy) than those in the other two categories. Differences in factor scores between the three categories of school were generally consistent among species (not shown). Further analyses, except where indicated, concentrated on known schools.
PCA on known schools
The means of school descriptors for known schools indicated important differences between species (Table 3) . Some correlation was observed between variables within each group of school features: the altitude index was strongly correlated with school depth (r= 0.68); S V with s.d. (r=0.99); skewness with kurtosis (r=0.87); and length, height, area, and perimeter with one another (0.68<r<0.91). In an analysis of the initial 18 descriptors of known schools, PCA extracted four factors, explaining 76% of the variance (Table 2) . Component factors were correlated with distinct groups of school features: the first factor showed high factor loadings for the ratios between processing thresholds, the second factor for morphometric features, the third for energetic descriptors, and the fourth for bathymetric position (Table 2 ). Comparing species, schools showed little difference in factors 1 and 2, but displayed clear differences in factors 3 and 4. Energetic features (factor 3) distinguished sardine from anchovy and round herring schools, and school depth and altitude index (factor 4) differentiated between schools of the latter two species (not shown, but see DFA plots in Figure 3 ). PCA factor scores of known schools were also examined for within-species variation between survey years and spatial areas. Low sample sizes for each species in each area and year made interpretation difficult, but no obvious differences were found for any species in any of the four factors, either between years or regions (not shown). Subsequent analyses therefore examined all years and spatial areas combined.
DFA with initial variables
Discriminant function analysis (DFA) indicated that 88.3% of the known species composition schools could be classified correctly to species (Table 4) , using a subset [Table 5(A)] of the 18 school descriptors. The first discriminant function was strongly correlated with school depth and acoustic energy s.d., and to a lesser extent with the ratios of school area and S V at 65 to 60 dB [ Table 5 (A)]. The second function was highly correlated with school altitude index, and reasonably correlated with school depth and length. The first function discriminated sardine from anchovy and round Table 2 . Principal components analysis factor loadings for all detected schools (known, likely, and doubtful combined), and known schools alone. Three and four factor solutions were chosen for the all and known schools analyses, respectively, based on graphic scree-tests and their ease of interpretation. Eigenvalues and percent of variance explained are given. R indicates ratios of measurements made at 65 dB and 60 dB Sv processing thresholds. Bold indicates correlations exceeding 0.7. herring, and the second function anchovy from the two other species [ Figure 3(a) ]. Discriminant functions derived from a random sample of 80% of the data were able to correctly classify the removed 20% of schools in 86.7% of cases (Table 4) . Generally linear relationships between variables were observed from XY scatterplots (not shown). These scatterplots also indicated a single school outlying due to extremely large morphometric characteristics and a high degree of skew and kurtosis in its distribution of acoustic energy. When this school was removed from DFA, the overall correct classification rate decreased to 87.8%. An examination of homogeneity of variance in the known schools dataset indicated some heterogeneity was introduced by school S V , but this variable was removed from analysis during forward stepwise selection.
Variable
When schools of likely species composition were combined with known schools in analysis, the overall correct classification rate using the initial variables decreased from 88.3-82.1%, and with all schools included again to 75.9% (Table 4) .
Removing all ratios of school descriptors from the analysis of known schools affected the classification rate relatively little overall, as did employing the uncorrected rather than beam-width and pulse-length corrected values for school length, height, perimeter and area (Table 4 ).
DFA including ancillary information
The use of ancillary information in the DFA had a major effect on the accuracy of species identification. Incorporating longitude, latitude, sea surface temperature, bottom depth, and time of day category into the DFA increased the overall correct classification rate of known schools to 94.9% (Table 4 ). The first discriminant function was highly and positively correlated with school S V and altitude index, and negatively with school depth, longitude, and temperature [Table 5(B)]; features that allowed the discrimination between sardine (high function 1 scores) and the two other species [low function 1 scores; Figure 3(b) ]. The second function was strongly and negatively correlated with the altitude index and bottom depth, positively with latitude and longitude, and primarily discriminated anchovy (low function 2 scores) from round herring and sardine. Testing derived discriminant functions on excluded 20% subsets indicated an average correct classification rate of 88.6% overall (Table 4 ).
Discussion
This study indicates that acoustically-observed schools of anchovy, sardine, and round herring can be accurately identified to species in 76-95% of cases, depending on which variables are used for discrimination. Scalabrin et al. (1996) were able to correctly classify shoals of anchovy, sardine, and horse mackerel in the Bay of Biscay in only 57% of cases, although this rate improved to 98% when schools for analysis were restricted to a limited spatial area and similar time of year in three successive years. To the best of our knowledge, the present study is the first to successfully identify schools of similarly sized and behaving pelagic fish species over a large spatial area, on the order of the broad spatial-scales typical of standard assessment surveys, using commercially available software. The success of the discrimination based on school features was primarily due to large differences between species in bathymetric distribution of schools, although other aspects of schooling behaviour, particularly school energetic properties (s.d., S V R), also contributed. It is noteworthy that without altitude index and school depth in analysis, the correct classification decreased to only 64.5% overall (Table 4 ). The decrease in accurate classification when likely and doubtful schools were included in analysis can be attributed to the probable fact that some of these schools were of species composition other than that indicated by the trawl's catch. The division between known, likely, and doubtful schools was made partly on the basis of vertical proximity to the trawled depths. Since vertical distribution was shown to be an important discriminator between species, with each species displaying very narrow depth distributions (Table 3) , it can be expected that some likely and doubtful schools were inaccurately identified by trawl samples.
Schooling behaviour varies in space and time, with concomitant variation in school morphology, acoustic structure, and position (Fréon and Misund, 1999) . The question must therefore be addressed of whether the dataset analysed here is representative of the true variability in school features. The classification of very small and low density schools ''doubtful'', the application of minimum length and height to the acoustic data, and the 1.5 beam widths minimum length criterion dictated by Diner's corrections (Diner, 1998) , may all have resulted in an unrealistic lower range of school size and density in the dataset. The accuracy of the derived discriminant functions thus may be questionable if they were to be applied to these small schools. However, provided that such schools of each species are distributed at depths and altitudes (the two most important discriminating factors) similar to the larger known schools, classification should remain quite accurate. Furthermore, during daytime, more than 80% of stock biomass in pelagic fish populations is typically accounted for by less than 10% of one-mile elementary sampling units, strongly suggesting that the majority of the biomass is made up of the large and well-formed schools (Fréon et al., 1993) . Inaccuracies in identification of small and low-density schools are, therefore, unlikely to introduce much error into acoustic survey biomass estimates.
There was only limited evidence of variation in school properties of each species between survey years and spatial areas, although low sample sizes for each species and an uneven distribution of those samples among years and areas precluded any firm conclusions. Interannual variability in school descriptors has been documented elsewhere [e.g. Bay of Biscay (Massé et al., . R indicates ratios of measurements made at 65 dB to 60 dB Sv processing thresholds. School length here was scaled by a factor of 4 1 to correct for the fact that the vessel likely did not always pass over the school's centre; a correction which assumes a circular shape in plan view (see MacLennan and Simmonds, 1992, p. 161 , for a derivation). This correction was not used in any PCA or DFA since multiplying variables by a constant will not have any impact on analysis.
Variable
Anchovy Sardine Round herring S v 42.8 (0.69) 31.1 (0.55) 38.8 (1.48) s.d. 9 10 5 (1.5 10 5 ) 1.8 10 3 (2.3 10 4 ) 2.6 10 4 (7.7 10 5 ) Skewness 3.4 (0.10) 3. 1995)] and could pose an important problem when applying the present functions to future survey data. However, testing discriminant functions derived from analysis of the 1999 survey data alone (chosen due to its large sample size) on schools detected in 1997 and 1998 indicated correct classification for 89.6% of 1997 schools, and 80.0% of 1998 schools. Furthermore, the protocol employed here to derive discriminant functions is easy to implement, and it would be a simple task to repeat the analysis in each new year to generate year-specific discriminant functions. It must also be acknowledged that school features are almost certain to vary seasonally (Fréon and Misund, 1999) . Unfortunately, many more mixed-species schools are present on the South African shelf at the time of the May acoustic survey, making the detection of schools appropriate for the analysis presented here quite difficult: an attempt at analysis of the May 1997-1999 survey data yielded only 42 known schools. Applying the discriminant functions derived from analysis of the November survey data (all years) to these May schools resulted in very accurate classification for sardine and round herring, but none of the 12 anchovy schools were correctly classified (Table 4 ). This is likely because anchovy schools were located more coastally and at much lower altitudes in May (mean altitude index=0.52, s.e.=0.05) than November (mean=0.78, s.e.=0.01). In addition, May coastal schools are mainly composed of juvenile fish, whose behaviour may differ from that of adults. Fortunately, this evident seasonal variation is unlikely to be important to the application of discriminant functions in an assessment survey context, given that such surveys are generally conducted annually at the same time each year.
Although this was the first study of species identification to employ Diner's corrections for the effects of beam width, use of the uncorrected values for school length, perimeter, and area, had very little impact on the successful identification of species. The corrections are a function of school depth and mean energy, both of which showed narrow distributions within-species in our dataset (Table 3) . Corrections made to each school were thus reasonably constant within-species, such that uncorrected and corrected measurements were highly correlated (r>0.95 for all features), and using the corrections had little bearing on the analysis of species identification. This lack of contribution, however, is by no means indicative that such corrections are not important to other studies, particularly those where the depth distribution of schools is more variable within-species, or the ''true'' school shape is of interest.
Similarly, removing the ratios of measurements of school descriptors made at 65 dB relative to 60 dB had little effect on the ability to classify schools. This possibly suggests that little information is lost in choosing the higher threshold, in terms of school descriptors and average S V values. However, the exclusion of all morphometric and energetic descriptors from analysis, leaving only the ratios and bathymetric variables, still yielded a very high classification rate (86.0% overall; Table 4 ). This suggests that the ratios are of some importance, but that their contribution to species identification, like that of the school morphometric and energetic descriptors, is simply overwhelmed by interspecific differences in bathymetric position. This result is also due to some co-linearity between the ratios and initial variables (all correlations 0.01<r<0.66). It is likely that the impact of double threshold analysis in the measurements of school height, particularly of sardine, may be more important in studies where data is acquired Table 5 for the factor structure of each discriminant function.
using a variety of equipment (e.g. combining data from different transducers) or at larger ranges of the depth distribution of the schools. The use of these ratios may also be of greater importance when seeking to distinguish a densely schooling fish from a more loosely shoaling species, rather than in discriminating among dense schoolers. Numerous authors have used various school descriptors that are calculated through combinations of the school morphometric variables employed here, including fractal dimension: [ln(P/4)2]/lnA, elongation: L/H, unevenness: P/[2(L+H)], circularity: P 2 /( A) (Weill et al., 1993) ; volume: ( HL 2 )/4 (Coetzee, 2000) ; and rectangularity: (LH)/A (Scalabrin and Massé, 1993) . Of these, elongation and fractal dimension were too highly correlated with the initial school features to be included in the DFA, and the remainder did not improve the correct classification rate of schools.
Whilst analysis of school descriptors alone allowed reasonably accurate species identification, inclusion of ancillary information greatly improved that ability. Increasing the number of variables in a DFA will always increase the correct classification rate because it increases the degrees of freedom in the model. Nonetheless, these analyses are very promising and demonstrate the value to species identification of using both acoustic data describing school features and other sources of data quantifying ancillary parameters. In fact, a DFA using only the ancillary variables still resulted in 86.0% accurate classification of schools (Table 4 ). The decrease in accuracy (94.8%-88.6%) when the discriminant functions were tested on the random subset of schools may indicate substantial variability in ancillary parameters. By including sea surface temperature, bottom depth, latitude, and longitude in analyses, schools could be discriminated on the basis of inter-specific differences in habitat use and distribution, in addition to the differences in schooling behaviour inherent to the morphometric and energetic descriptors. School morphology is known to vary from dawn to day to dusk (Fréon et al., 1996) , and time of day is therefore a variable likely to be more related to schooling behaviour than habitat use. The finding that discrimination between species is in part made possible by differences in spatial distribution is consistent with previous studies of habitat use which have indicated that during their spawning period (October-February) anchovy are generally distributed farther offshore than the two other species, and thereby in deeper waters at more southerly latitudes (Roel et al., 1994; Barange and Hampton, 1997; Barange et al., 1999) , whilst round herring have the most easterly distribution of the three species (Roel et al., 1994) . Distinguishing sardine from anchovy and round herring partly on the basis of acoustic energy is likewise consistent with their being a densely schooling species (Barange and Hampton, 1997; Coetzee, 2000) , perhaps as a consequence of their feeding strategy [filter feeding in sardine vs. particulate feeding in the other species (van der Lingen, 1994) ].
An increase in survey precision through a reduction in trawling time is one conceivable implication of acoustic species identification. In the short-term, however, it is not likely that survey time devoted to trawling will decrease substantially, due to the continued need to have samples of fish length distributions for target strength calculations, and to safeguard against any unexpected interannual changes in schooling behaviour. Nevertheless, the ability to acoustically identify species, when applied in conjunction with trawling, will greatly improve the accuracy of the process of allocating backscattered energy among species, and thereby the accuracy of acoustic estimates of abundance. Before acoustic species identification can be integrated with current survey protocols, however, there are a number of problems that must be addressed. The present discriminant functions were derived from analysis of acoustic data collected at a trawling speed of 4 knots, but normal survey speed is 10 knots. Distance between pings increases with vessel speed, and all calculations based on such distance (i.e. school length, area, perimeter) will suffer from greater error at faster speeds, which particularly affects small schools. We are also not able to account for the possibility that fish avoidance behaviour may affect school properties, and that this behaviour may differ between trawling and surveying, and also between species (Fréon and Misund, 1999) . There is evidence, however, to suggest that vessel avoidance in this region is negligible (Fréon, Misund, Olsen, and Hampton, unpublished data; see also Fernandes et al., 2000) .
Mixed-species schools may pose the most serious threat to the application of our species-discriminating functions. In the three analysed surveys, of 69 daytime trawls where catch exceed 2 kg, ten were rejected from analysis as being less than 80% one species, although it can not be determined whether these trawls captured actual heterospecific schools or several monospecific schools of different species. For the time being, the derived functions should perhaps only be applied in areas of known low mixing. Future refinement of the analyses presented here may allow the discrimination between hetero-as well as monospecific schools. A preliminary analysis of our known dataset has indicated that, irrespective of species, schools of large fish (mean total length of fish in school>15.5 cm, determined from trawl catch data) can be distinguished from those of small fish (mean TL<15.5 cm) with a correct classification rate of 80.8% overall. Only non-ancillary variables were used in this analysis, and S V was the most important discriminating variable. The mean size of fish in a school is often related to school species composition (Fréon, 1984) , and as such, this analysis encourages the feasibility of also identifying mixed-species schools, particularly if the behaviour of these schools is related to their species composition.
We have demonstrated that a relatively straightforward analysis of conventional acoustic survey data collected with a single-frequency narrowband echosounder can allow highly accurate species identification of schools over a large spatial area and a time-span of three years, and that the inclusion of ancillary variables can substantially improve species identification. Much investigation remains to be done into the implications of species-identifying capabilities to the accuracy of acoustic surveys, as well as into the question of exactly how to weight the relative contributions of trawl data and acoustic identification in the process of speciesallocation of backscatter. An additional concern is that the estimation of confidence intervals around biomass estimates made per species seldom takes into account possible mis-classification of species.
